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Introduction

m A workflow/methodology for studying V-to-V coarticulation.
m I won’t cover how to compile word/sentence lists.

m What I will discuss is how to collect, extract and process data.
m As well as ways to visualise and analyse it.

m A discussion of generalised additive mixed models.

m All the software used here is free to download online.
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m Single female Bemba speaker.

m 93 sentences, 928 vowel tokens.

m Mainly interested in F1 (but we’ll see a bit of F2 and F3).
m For simplicity’s sake, I'll mostly focus on /i/.

m [ don’t intend this to be a polished analysis by any means.
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B R (R Core Team 2015) is used for the majority of data processing,
visualisation and statistical analysis.

m RStudio, an integrated development environment (RStudio Team 2015).

m The tidyverse (Wickham 2017) and tidytext (Silge & Robinson 2016)
packages are used in data processing and visualisation.
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Data collection

m PsychoPy (Peirce 2007).

m Used to present stimuli individually to participants on a screen.
m Needs a source file containing a list of stimuli.

m Can be programmed to present them in a random order.

m Keeps a record of the order each participant saw.
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Forced-alignment and segmentation

m The raw sound files are cleaned up in Audacity (Audacity Team 2018).

m [ use SPPAS (Bigi 2015) for forced-alignment and segmentation.
m Other forced-aligners are available:

m FAVE (Rosenfelder et al. 2011; English only).

m (Web)MAUS (Kisler et al. 2012).

m Montreal Forced Aligner (McAuliffe et al. 2017).
m EasyAlign (Goldman 2011).

m Prosodylab-Aligner (Gorman et al. 2011).

m The outcome is a set of TextGrid files used in measurement extraction.
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Preparing files for SPPAS

m To carry out forced-alignment, SPPAS needs three things:

Acoustic model.
Vocabulary file.
Dictionary file.

m Resources are currently available for 13 languages.
m Acoustic models can be co-opted and adapted for new languages.

m The vocabulary and dictionary files can be generated from the prompt
lists produced by PsychoPy.
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Previous measurements extracted I

m Previous work on V-to-V coarticulation has used various measurements.

m Some studies use more than one approach depending on the focus.
m Midpoints (with or without a 20-50 ms window):

m Manuel (1984, 1987), Magen (1997), Gordon (1999), Przezdziecki (2005),
Linebaugh (2007), Cole et al. (2010), Aburre & Sandalo (2017).

m Two points:

m Midpoint and vocalic offset (Manuel 1990).
m V; offset and V;, onset (Choi & Keating 1990).
m Mid point and vocalic onset or offset (Mok 2011, 2012).
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Previous measurements extracted II

m Three points:
m Steady-state, vowel offset and in between (Manuel 1987).
m Vocalic onset, midpoint and offset (Beddor et al. 2002).
m Trajectories:
m Ohman (1966; mainly for visualisation).
m Eleven points over a VCV sequence (Recasens 1987).
m Every 10 ms (Recasens & Pallarés 2000).
m Nine-point trajectories (Przezdziecki 2005).
m Other:
m Vowel onset only (Wang & Xiong 2013).

m Average across the entire vowel and every 50 ms over a VCV sequence
(Malambe 2015).
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Information extracted here

The following is extracted with a Praat (Boersma & Weenink 2018) script:
m IPU (~utterance) number.
m Start time within recording.
m Vowel and word label.

m Vowel duration.

m Average F1, F2 and F3:

m Across the entire vowel.
m For both halves.
m For each third.

m F1, F2 and F3 trajectories:

m Sampled at every 5% (which admittedly might be excessive)
m From which point-like values can also be taken.
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Trajectories and V-to-V coarticulation

m More fine-grained view than using only two or three points.
m Locate with better precision when trajectories diverge.

m Test for differences that could be obscured by mean values.
m I don’t mean to say that point-like values are invalid!
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Post-processing

m Add speaker-specific metadata to the dataframe.

m Tag each vowel with its syllable number within the word.
m Label each vowel token with its flanking vowels.

m Tag tokens with any other information you might want.

m Normalise formant values within speaker (Lobanov 1971) using the
scale() function from base R.

m Save point-like formant values into one dataframe.

m Convert formant trajectories from an untidy wide format to a tidy long
formant and save into a second dataframe.
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Data visualisation

m See which vowel combinations we have in the data.

m Plot the vowel space (i.e. F2 against F1).

m Box or violin plots of formant values.

m Plot F3-F2 as a proxy for rounding (Stevens 2000:291).

m Plot formant trajectories (variously facetted and colour-coded).
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Vowel combinations within words

104 64 31 13 26
41 21 18 12 25
60 18 32 11 17
20 3 2 9 O
53 21 12 13 37

CE O . O D

Left-hand vowels in rows; right-hand vowels in columns.
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Vowel combinations within IPUs

153 70 80 16 43
56 21 20 14 26
67 18 32 11 19
29 5 3 9 1
56 21 12 13 39

CE O . O D

Left-hand vowels in rows; right-hand vowels in columns.
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Plot of F2 against F1
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Plot of F against F1
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Plots of F1 and F2
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Plot of F3
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F1, F2 and F3 trajectories
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F1, F2 and F3-F2 trajectories
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F1 and F2 trajectories
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F1 and F2 trajectories by left-hand vowel
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F1 trajectories by left-hand vowel
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F2 trajectories by left-hand vowel
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F1 and F2 trajectories by right-hand vowel
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F1 trajectories by right-hand vowel
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F2 trajectories by right-hand vowel
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F1 trajectories for /i/ by left-hand vowel
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F1 trajectories for /i/ by left-hand vowel
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F1 trajectories for /i/ by left-hand vowel
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Previous statistical approaches

m Some variety of ANOVA, e.g. one-way or repeated measures, is most
popular (Manuel 1984, 1987, 1990, Choi & Keating 1990, Magen 1997,
Gordon 1999, Recasens & Pallares 2000, Beddor et al. 2002, Przezdziecki
2005, Linebaugh 2007, Mok 2011, 2012, Wang & Xiong 2013).

m Cole et al. (2010) use both ANOVA and linear regression.
m Recasens (1987) and Malambe (2015) use t-tests.
m Aburre & Sandalo (2017) use mixed-effects linear regression.
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Repeated measures ANOVA

m Time must be treated as categorical rather than continuous.
m Differing numbers of time intervals are not allowed.
m Most importantly, does not capture non-linearities.
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Possibilites for dynamic data

m SS-ANOVA.

m FPCA.

B GAMMs.

m (Among others.)
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SS-ANOVA

m Smoothing spline ANOVA (Wahba 1990, Gu & Wahba 1993, Gu 2002).
m Used in ultrasound tongue imaging studies (see Davidson 2006, 2012).
m Not used in V-to-V coarticulation, as far as I can tell.

m Used to indicate whether the shapes of multiple curves are significantly
different from each other.

m Does not support random effects (unlike GAMMs).
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m Principal component analysis (Jolliffe 2002, Johnson 2008).

m Can be used with ultrasound tongue contours (e.g. Harshman et al. 1977,
Slud et al. 2002, Stone 2005, Turton 2014, Bennett et al. to appear).

m Functional principal component analysis (Ramsay & Silverman 2005).

m Can be used with formant trajectories (see e.g. Gubian et al. 2015).
m Allows time normalisation and landmark registration.

m Require use of further statistical analysis (e.g. with linear models).
m As far as I’'m aware, neither has been used for V-to-V coarticulation.
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GAMMs 1

m Generalised additive mixed models (Hastie & Tibshirani 1990, Wood
2006, Zuur et al. 2014).

m Ideal for analysing dynamic speech data (Séskuthy 2017).

m Becoming ever more popular in phonetics (Kosling et al. 2013, Fox &
Mielke 2016, Wieling et al. 2016, ﬂnal-LogaceV et al. 2017, Strycharczuk
& Scobbie 2017, Kirkham & Nance 2018, Strycharczuk & Sebregts 2018,
Al-Tamimi 2018, Bailey & Nichols 2018, Séskuthy et al. 2018).

m Plenty of help for using them with linguistic data (Baayen et al. 2016,
2017, Winter & Wieling 2016, Soskuthy 2017, Wieling in press).

m Analysis and visualisation in R using the mgcv (Wood 2018) and
itsadug (van Rij et al. 2017) packages.
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GAMMs II

m Capture non-linearities (not possible with linear regressions):
m Smooth terms as well as intercepts and slopes.
m Can detect differences in shape as well as height of trajectories.
m Less over- or undersmoothing than SS-ANOVA.

m Random smooths and autoregressive error models can be used to
combat autocorrelation.
m Can test for both overall and local differences between curves.

m Disadvantages: more complex, computationally intensive, less
straightforward to test for significance.

m Tests for significance: model summary, plotting smooths, difference
smooths, model comparison (see Sdskuthy 2017:16-21).
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Quick test case

Let’s investigate the effect of adjacent vowels on the F1 of target vowels:

m Parametric term and difference smooth for the interaction of target and
adjacent vowels.

m Smooths for percentage, duration and their interaction.
m By-trajectory random smooths.

m (We would also include by-speaker random smooths if we had more
than speaker.)
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Model summary (Vleft)

## Parametric coefficients:

## Estimate Std. Error t value Pr(>|t])

## (Intercept) 690.149 6.285 109.801 < 2e-16 ***
## LVo.a -65.798 8.833 -7.450 1.02e-13 ***
## LVe.a 19.962 6.728 2.967 0.00301 **
## LVu.a -17.010 6.959 -2.444 0.01453 *
## LVi.a -8.096 6.512 -1.243 0.21381

## LVP.a 99.743 7.137 13.976 < 2e-16 ***
## LVa.o -260.258 11.672 -22.298 < 2e-16 ***
## LVo.o -263.641 16.025 -16.452 < 2e-16 ***
## LVe.o -250.313 12.527 -19.982 < 2e-16 ***
## LVu.o -238.752 12.983 -18.389 < 2e-16 ***
## LVi.o -254.057 14.369 -17.681 < 2e-16 ***
## LVa.e -197.977 6.360 -31.130 <

_ *k*
2e-16 207



Heatmap (Vleft)
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Plotting differences (Vleft)
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Plotting differences (Vleft)
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Plotting differences (Vleft)
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Plotting differences (Vleft)
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Plotting differences (Vleft)
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Plotting differences (Vleft)
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Plotting differences (Vleft)
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Plotting differences (Vleft)
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Plotting differences (Vleft)
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Model summary (Vright)

## Parametric coefficients:

## Estimate Std. Error t value Pr(>|t])

## (Intercept) 727.485 5.286 137.631 < 2e-16 ***
## VRo.a -242.770 7.664 -31.675 < 2e-16 ***
## VRe.a -228.769 5.772 -39.632 < 2e-16 ***
## VRu.a -315.528 5.587 -56.471 < 2e-16 ***
## VRi.a -337.420 5.335 -63.247 < 2e-16 ***
## VRa.o 28.642 9.738 2.941 0.003277 **
## VRo.o -316.321 13.681 -23.121 < 2e-16 ***
## VRe.o -235.295 10.463 -22.487 < 2e-16 ***
## VRu.o -308.343 10.995 -28.045 < 2e-16 ***
## VRi.o -331.823 12.285 -27.010 < 2e-16 ***
## VRa.e -18.410 5.291 -3.479 0.000505 ***
## VRo.e

-247.149 18.313 -13.496 < 2e-16 ***
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Heatmap (Vright)
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Plotting differences (Vright)
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Plotting differences (Vright)
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Plotting differences (Vright)
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Plotting differences (Vright)
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Plotting differences (Vright)
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Plotting differences (Vright)
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Plotting differences (Vright)
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Plotting differences (Vright)
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Plotting differences (Vright)
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Model comparison I

m Model comparison (likelihood ratio test) with itsadug: : compareML.

m Fit nested model which excludes parametric term and difference
smooth term.

m Models should be fit with method="ML" for model comparison.

m This will tell you whether the additional terms significantly improve the
fit of the model.
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Model comparison II

#i# Model Score Edf Difference Df p.value Sig.
## 1 f1.vleft.null 60644.60 5

## 2 f1.vleft 57549.55 92 3095.052 87.000 < 2e-16 ***
it Model Score Edf Difference Df p.value Sig.

## 1 f1.vright.null 60644.60 5
## 2 f1.vright 57549.55 92 3095.052 87.000 < 2e-16 ***
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Bonus material

m Atom (GitHub, Inc. 2011) for writing Praat scripts; syntax highlighting
with the language-praat package (Coretta 2016).

m Windows-only alternative: Notepad++ (Ho 2003) with a plug-in for
syntax highlighting (Sadowsky 2014).

m Integrate Praat scripts into R code with speakr (Coretta 2017a,b).
m Check and adjust formants with Formant Editor (S6skuthy 2015).

m Use different formant settings for each vowel to reduce tracking errors
(see e.g. Escudero et al. 2009, Kirkham & Nance 2017).

m Automatically detect phonetic variation with forced-alignment software
(cf. Yuan & Liberman 2011, Milne 2014, Bailey 2016).
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m ’'ve shown you a streamlined (and easily adaptable) workflow.

m Trajectories are a worthwhile way of investigating V-to-V coarticulation.
m Previous statistical tests may not necessarily be appropriate for them.

m GAMNMs are a useful tool for time-series phonetic data.
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https://analysingcurves.github.io/

References I

Aburre, Maria Bernadete & Filomena Sandalo. 2017. Coarticulacdo e haromnia vocalica. Cadernos de Estudos Linguisticos 59(3). 487-97.

Al-Tamimi, Jalal. 2018. Gradient epilaryngeal constriction in Levantine Arabic “gutturals”: A Generalised Additive Modelling approach to
ultrasound tongue surface. Talk given at the Colloquium of the British Association of Academic Phoneticians, Canterbury, UK, 12-14
April.

Audacity Team. 2018. Audacity®: Free Audio Editor and Recorder [computer program]. Version 2.2.2. Retrieved 20 February 2018 from
https://audacityteam.org/. The name Audacity is a registered trademark of Dominic Mazzoni.

Baayen, R. Harald, Jacolien van Rij, Cecile de Cat & Simon N. Wood. 2016. Autocorrelated errors in experimental data in the language
sciences: Some solutions offered by Generalized Additive Mixed Models. ArXiv preprint: https://arxiv.org/abs/1601.02043.

Baayen, R. Harald, Shravan Vasishth & Douglas Kliegl, Reinhold Bates. 2017. The cave of shadows: Addressing the human factor with
generalized additive mixed models. Journal of Memory and Language 94. 206-34.

Bailey, George. 2016. Automatic Detection of Sociolinguistic Variation Using Forced Alignment. University of Pennsylvania Working Papers in
Linguistics 22(2). 11-20.

Bailey, George & Stephen Nichols. 2018. Patterns of s-retraction in Manchester English: Investigating categoricity with ultrasound. Poster
presented at the 26 Manchester Phonology Meeting, Manchester, UK, 24-26 May.

Beddor, Patrice Speeter, James Harnsberger & Stephanie Lindemann. 2002. Language-specific patterns of vowel-to-vowel coarticulation:
acoustic structures and their perceptual correlates. Journal of Phonetics 30. 591-627.

Bennett, Ryan, Mdire Ni Chiosain, Jaye Padgett & Grant McGuire. To appear. An ultrasound study of Connemara Irish palatalization and
velarization. Journal of the International Phonetic Association .

Bigi, Brigitte. 2015. SPPAS - Multi-lingual Approaches to the Automatic Annotation of Speech. The Phonetician 111-2. 54-69. Version 1.9.6.
Retrieved 25 May 2018 from http://www.sppas.org/.

Boersma, Paul & David Weenink. 2018. Praat: doing phonetics by computer [computer program]. Version 6.0.40. Retrieved 11 May 2018
from http://www.praat.org/.

67/72


https://audacityteam.org/
https://arxiv.org/abs/1601.02043
http://www.sppas.org/
http://www.praat.org/

References I1

Choi, John-Dongwok & Patricia A. Keating. 1990. Vowel-to-vowel coarticulation in Slavic languages. Journal of the Acoustical Society of
America 88. S54.

Cole, Jennifer, Gary Linebaugh, Cheyenne Munson & Bob McMurray. 2010. Unmasking the acoustic effects of vowel-to-vowel coarticulation:
A statistical modeling approach. Journal of Phonetics 38(2). 167-184.

Coretta, Stefano. 2016. language-praat: PRAAT scripting language support in Atom. Atom package version 1.3.8. URL:
https://atom.io/packages/language-praat.

Coretta, Stefano. 2017a. A streamlined workflow for “doing phonetics by computer” (using Praat and R). Talk given at the Postgraduate
Academic Research in Linguistics at York Conference, York, UK, 15 September. URL:
https://github.com/stefanocoretta/speakr-demo.

Coretta, Stefano. 2017b. speakr: A Wrapper for the Phonetic Software Praat. R package version 2.0.2. URL:
https://github.com/stefanocoretta/speakr.

Davidson, Lisa. 2006. Comparing tongue shapes from ultrasound imaging using smoothing spline analysis of variance. Journal of the
Acoustical Society of America 120(1). 407-15.

Davidson, Lisa. 2012. Ultrasound as a tool for speech research. In Robert M. Vago (ed.), The Oxford Handbook of Laboratory Phonology,
484-96. Oxford: Oxford University Press.

Escudero, Paola, Paul Boersma, Andréia Schurt Rauber & Ricardo A. H. Bion. 2009. A cross-dialect acoustic description of vowels Brazilian
and European Portuguese. Journal of the Acoustical Society of America 126(3). 1379-93.

Fox, Michael J. & Jeff Mielke. 2016. Regional variation in formant dynamics and the phonologization of pre-velar raising in American
English. Talk given at Laboratory Phonology 15, Ithaca, NY, US, 13-16 July.

GitHub, Inc. 2011. Atom: A hackable text editor for the 215! Century [computer program]. Version 1.27.2. Retrieved 31 May 2018 from
https://atom.io/.

Goldman, Jean-Philippe. 2011. EasyAlign: An automatic phonetic alignment tool under Praat. Proceedings of the 1
the International Speech Communication Association 3233-6.

Gordon, Matthew K. 1999. The “neutral” vowels of Finnish: How neutral are they? Linguistica Uralica 35(1). 17-21.

2th Annual Conference of

68/72


https://atom.io/packages/language-praat
https://github.com/stefanocoretta/speakr-demo
https://github.com/stefanocoretta/speakr
https://atom.io/

References II1

Gorman, Kyle, Jonathan Howell & Michael Wagner. 2011. Prosodylab-Aligner: A tool for forced alignment of laboratory speech. Canadian
Acoustics 39(3). 192-3.

Gu, Chong. 2002. Smoothing Spline ANOVA Models. New York: Springer.

Gu, Chong & Grace Wahba. 1993. Smoothing spline ANOVA with component-wise Bayesian “confidence intervals”. Journal of Computational
and Graphical Statistics 2. 97-117.

Gubian, Michele, Francisco Torreira & Lou Boves. 2015. Using Functional Data Analysis for investigating multidimensional dynamic
phonetic contrasts. Journal of Phonetics 49. 16-40.

Harshman, Richard, Peter Ladefoged & Louis Goldstein. 1977. Factor analysis of tongue shapes. Journal of the Acoustical Society of America
62(3). 693-707.

Hastie, T. J. & R. J. Tibshirani. 1990. Generalized Additive Models. Boca Raton, FL: CRC Press.

Ho, Don. 2003. Notepad++ [computer program]. Version 7.5.6. Retrieved 19 March 2018 from https://notepad-plus-plus.org.

Johnson, Keith. 2008. Quantitative Methods in Linguistics. Oxford: Blackwell.

Jolliffe, I. T. 2002. Principal Component Analysis. New York: Springer.

Kirkham, Sam & Claire Nance. 2017. An acoustic-articulatory study of bilingual vowel production: Advanced tongue root vowels in Twi and
tense-lax vowels in Ghanaian English. Journal of Phonetics 62. 65-81.

Kirkham, Sam & Claire Nance. 2018. Dynamic variation in laterals: An acoustic study of Liverpool and Manchester English. Talk given at the
Colloquium of the British Association of Academic Phoneticians, Canterbury, UK, 12-14 April.

Kisler, Thomas, Florian Schiel & Han Sloetjes. 2012. Signal processing via web services: The use case WebMAUS. Talk given at the Digital
Humanities Conference Hamburg, Germany, 16-22 July.

Kosling, Kristina, Gero Kunter, R. Harald Baayen & Ingo Plag. 2013. Prominence in triconstituent compounds: Pitch contours and linguistic
theory. The Journal of the Acoustical Society of America 142(1). 322-331.

Linebaugh, Gary Dean. 2007. Phonetic Grounding and Phonology: Vowel Backness Harmony and Vowel Height Harmony. PhD thesis,
University of Illinois, Urbana-Champaign.

Lobanov, Boris M. 1971. Classification of Russian vowels spoken by different speakers. Journal of the Acoustical Society of America 49. 606-8.

69/72


https://notepad-plus-plus.org

References IV

Magen, Harriet S. 1997. The extent of vowel-to-vowel coarticulation in English. Journal of Phonetics 25(2). 187-205.

Malambe, Gloria B. 2015. Mid vowel assimilation in siSwati. Southern African Linguistics and Applied Language Studies 33(3). 261-72.

Manuel, Sharon Y. 1984. Universal and language particular aspects of vowel-to-vowel coarticulation. Haskins Laboratories Status Report on
Speech Research SR-77/78. 69-78.

Manuel, Sharon Y. 1987. Acoustic and perceptual consequences of vowel-to-vowel coarticulation in three Bantu languages. PhD thesis, Yale
University.

Manuel, Sharon Y. 1990. The role of contrast in limiting vowel-to-vowel coarticulation in different languages. Journal of the Acoustical
Society of America 88. 1286-98.
McAuliffe, Michael, Michaela Socolof, Sarah Mihuc, Michael Wagner & Morgan Sonderegger. 2017. Montreal Forced Aligner: trainable
text-speech alignment using Kaldi. Proceedings of the 18th Conference of the International Speech Communication Association 8-13.
Milne, Peter. 2014. The Variable Pronunciations of Word-final Consonant Clusters in a Force Aligned Corpus of Spoken French. PhD thesis,
University of Ottawa.

Mok, Peggy P. K. 2011. Effects of Vowel Duration and Vowel Quality on Vowel-to-Vowel Coarticulation. Language and Speech 54(4). 527-45.

Mok, Peggy P. K. 2012. Does Vowel Inventory Density Affect Vowel-to-Vowel Coarticulation? Language and Speech 56(2). 191-209.

Ohman, Sven E. G. 1966. Coarticulation in VCV utterances: Spectrographic measurements. Journal of the Acoustical Society of America 39.
151-68.

Peirce, Jonathan W. 2007. PsychoPy—Psychophysics software in Python. Journal of Neuroscience Methods 162(1). 8-13. Version 1.90.2.
Retrieved 31 May 2018 from http://www.psychopy.org/.

Przezdziecki, Marek. 2005. Vowel harmony and coarticulation in three dialects of Yoruba: Phonetics determining phonology. PhD thesis,
Cornell University.

R Core Team. 2015. R: A language and environment for statistical computing. Vienna: R Foundation for Statistical Computing. URL:
http://www.r-project.org/.

Ramsay, J. O. & B. W. Silverman. 2005. Functional Data Analysis. New York: Springer.

70/72


http://www.psychopy.org/
http://www.r-project.org/

References V

Recasens, Daniel. 1987. An acoustic analysis of V-to-C and V-to-V coarticulatory effets in Catalan and Spanish VCV sequences. Haskins
Laboratories: Status Report on Speech Research SR-86/87. 71-86.

Recasens, Daniel & Maria Dolors Pallarés. 2000. A study of F1 coarticulation in VCV sequences. Journal of Speech, Language, and Hearing
Research 43(2). 501-12.

van Rij, Jacolien, Martijn Wieling, R. Harald Baayen & Hedderik van Rijn. 2017. itsadug: Interpreting Time Series and Autocorrelated Data
Using GAMMs. R package version 2.3. URL: https://cran.r-project.org/web/packages/itsadug/.

Rosenfelder, Ingrid, Josef Fruehwald, Keelan Evanini, Scott Seyfarth, Kyle Gorman, Hilary Prichard & Jiahong Yuan. 2011. FAVE (Forced
Alignment and Vowel Extraction) Program Suite. URL: http://fave.ling.upenn.edu.

RStudio Team. 2015. RStudio: Integrated Development Environment for R. Boston, MA: RStudio, Inc. URL: http://www.rstudio.com/.

Sadowsky, Scott. 2014. Praat syntax highlighting file. Notepad++ plug-in version 2.1. URL: http://sadowsky.cl/praat.html#syntax.

Silge, Julia & David Robinson. 2016. tidytext: Text Mining and Analysis Using Tidy Data Principles in R. Journal of Open Source Software
13).

Slud, Eric, Maureen Stone, Paul J. Smith & Moise Goldstein, Jr. 2002. Principal components representation of the two-dimensional coronal
tongue surface. Phonetica 59. 108-33.

Séskuthy, Marton. 2015. Formant Editor. Version 0.8.2. Retrieved 1 May 2018 from https://github.com/soskuthy/formant_edit.

Séskuthy, Marton. 2017. Generalised additive mixed models for dynamic analysis in linguistics: a practical introduction. ArXiv preprint:
https://arxiv.org/abs/1703.05339.

Séskuthy, Marton, Paul Foulkes, Vincent Hughes & Bill Haddican. 2018. Changing Words and Sounds: The Roles of Different Cognitive Units
in Sound Change. Topics in Cognitive Science 1-16. https://doi.org/10.1111/tops.12346.

Stevens, Kenneth N. 2000. Acoustic Phonetics. Cambridge, MA: MIT Press.

Stone, Maureen. 2005. A guide to analysing tongue motion from ultrasound images. Clinical Linguistics & Phonetics 19. 455-501.

Strycharczuk, Patrycja & James M. Scobbie. 2017. Fronting of Southern British English high-back vowels in articulation and acoustics. The
Journal of the Acoustical Society of America 142(1). 322-331.

Strycharczuk, Patrycja & Koen Sebregts. 2018. Articulatory dynamics of (de)gemination in Dutch. Journal of Phonetics 68. 138—49.

71/72


https://cran.r-project.org/web/packages/itsadug/
http://fave.ling.upenn.edu
http://www.rstudio.com/
http://sadowsky.cl/praat.html#syntax
https://github.com/soskuthy/formant_edit
https://arxiv.org/abs/1703.05339
https://doi.org/10.1111/tops.12346

References VI

Turton, Danielle. 2014. Variation in English /1/: Synchronic reflections on the life cycle of phonological processes. PhD thesis, University of
Manchester.

Unal-Logacev, Ozlem, Susanne Fuchs & Leonardo Lancia. 2017. Can EPG contacts explain intraoral pressure shapes in voiced and voiceless
stops in Turkish? Evidence from Generalized Additive Mixed Models. Talk given at Phonetics and Phonology in Europe, Cologne,
Germany, 12-14 June.

Wahba, Grace. 1990. Spline Models for Observational Data. Philadelphia: Society for Industrial and Applied Mathematics.

‘Wang, Maolin & Wei Xiong. 2013. Effect of Vowel-To-Vowel Coarticulation of Disyllabic Sequences in Chinese. The International Journal of
Engineering and Science 2(11). 17-22.

Wickham, Hadley. 2017. tidyverse: Easily Install and Load the “Tidyverse”. R package version 1.2.1. URL:
https://cran.r-project.org/web/packages/tidyverse/.

Wieling, Martijn. In press. Analyzing dynamic phonetic data using generalized additive mixed modeling: A tutorial focusing on articulatory
differences between L1 and L2 speakers of English. Journal of Phonetics .

Wieling, Martijn, Fabian Tomaschek, Denis Arnold, Mark Tiede, Franziska Broker, Samuel Thiele, Simon N. Wood & R. Harald Baayen. 2016.
Investigating dialectal differences using articulography. Journal of Phonetics 59. 122-43.

Winter, Bodo & Martijn Wieling. 2016. How to analyze linguistic change using mixed models, Growth Curve Analysis and Generalized
Additive Modeling. Journal of Language Evolution 1(1). 7-18.

Wood, Simon N. 2006. Generalized Additive Models: An Introduction with R. Boca Raton, FL: CRC Press.

Wood, Simon N. 2018. mgcv: Mixed GAM Computation Vehicle with Automatic Smoothness Estimation. R package version 1.8.23. URL:
https://cran.r-project.org/web/packages/mgcv.

Yuan, Jiahong & Mark Liberman. 2011. Automatic detection of “g-dropping” in American English using forced alignment. Proceedings of
2011 IEEE Automatic Speech Recognition and Understanding Workshop 490-3.

Zuur, Alain F, Anatoly A. Saveliev & Elena N. Ieno. 2014. A Beginner’s Guide to Generalised Additive Mixed Models with R. Newburgh:
Highland Statistics.

72/72


https://cran.r-project.org/web/packages/tidyverse/
https://cran.r-project.org/web/packages/mgcv

